f^vJ 


-M, I W I f-i 

, ' PROCEEDINGS V'i ' ‘ "1 I 

. : . OF TOE 

NATIONAL ACADEMY OF SCIENCES 

INDIA 


, fAEU 1 ] ' 


SBOTIOH A 


• Qommm 


[Tol. 16 
fA<»/ 


.ptHBl# ff 6 i# C5oinpIex,’3Powa*^ ‘jIfetwiMm Ilerouiio OhlorM^ ao 6 ^ 
j;i *'7 Sfltabid Chloride® by the Btectrical Oonductlyxty Method ■* , 

» By Amn K. Iky mi A’ K. JBhaitaihmya I 

■ , ' Its»tion;.hwi"I<o«e':<rf -iilNp®; : r;' '-?'r 

C%lted«:<^-3^h}i'Siifetaaee8 

( QoMptiteriw Stady of the Escteat of Inhibition of the Breripttotion of 
, .',■ Etadtes l» ^ Dyee Derived fiwi Qalaollnie Acid and Qnobomeroiilo /_ ' ’f . 


' ' r* 


mM£i 0 K 


Pme R$. 5 (India): Rs* 5/8 (For«%n) 



Artides should be as&mf as poeslWe. The viewpoint shouM be eompre- 
hensive in giving the relation of the paper to previom publlcatiouB of the author or 

of others and in exhibiting, when practicable, the Bignifteance of the work for other 

branches of science. Elaborate technical details of the work md long table* 
of data shonld be avoided, but antbora should be preci»e In making ehfar the new 
results and should give some record of the methods and ditta uikmi which they 

sJlG Ib'StsfBde' ' 

Me^uscripfa should be preiwcd with a eon-ent number of the PROflKBD- 
INGS as a model in matters of form, and should be type-written In dutdieate witii 
double spacing, the author xettaning on© copy. Illustrations shonld be confined to 
text-%ires of simple character, though more elaborate illnstraltons nmy be allowed 
in special instances to authors willing to pay for their preparsttoii and insertion. 
A.uthors are requested to send in all drawings or other iliustratloni in a stat© 
suitable for direct photographic reproduction. They should b* drawn on a large 
scale in Indian Ink on Bristol board, with temporary lettering in pencil. Great 
care should be exercised in selecting only those that are essential* If nnsatiifaetory 
drawings are , submitted, authors may be required to have them redrawn by a 
professioual artist Particular attention should be given to armngiag tabular matter 
in a simple and concise manttera 

RdFerencea to literature will be placed at the end of Ae artlel# wd ihort 

footnotes should be avoided. It is suggested that wfereneas to periodicals b® 
furnished in some detrile and in general in accoi^aaee wWi the standard adopted 
for the Subject Catalogue of the International Catalogu* of Setonti#© lHara- 
tur^ vu^ name of automr, arranged alphabetically, with Initials followl^ 
(ordinarily omitting title of paper), year, abbreviidsd namt^td ' 

inclusive piqtes* /' '' '' ' %'Vr 

'■ \ Papmrs by members of to® Aoad«j^ why bi 
National Academy of Sdenc*©, Allahabad. lepers by non-member* of toe Academy 
shotdd l» submitted toraugh a 

jfo Papers exceeding twelve pages of printed matter will be published in the 
ITOOEfflMNGS exoejrt with a special permission of the Council. 

Ikery imper must be Sit^ by thrm copm of a brief summary not 

aii^’l^'Woifds'inli»gto*'"' ' 

A.,.feno«rf^.;W4li:Ordinar^^ and the author is Requested to return it with 

toe manusoript^ athfe earlk^ waven^ All proof corrections involve heavy 
f topeemw wk^ wouWbt If ^ piper* are carefully revised by toe authora 

befotoajbmistoto., ■ ‘'‘V .-‘v;' 



ERRATA 

“On page t8 in Table j read I 3 ‘} and 4'52 instead of 5’3 and 4j'2'’ 



PROCEEDINGS 

OF THE 

NATIONAL ACADEMY OF SCIENCES 

INDIA 

(SECTION A) 

Part 1 ] 1947 [ Volume 1« 

STUDY OF THE COMPLEX FORMATION BETWEEN MERCURIC 
CHLORIDE AND SOLUBLE CHLORIDES BY THE 
ELECTRICAL CONDUCTIVITY METHOD 

Pmi 1. Complex Cldorommuric Adds 
By Arun K. Dey ano A. K- Bhattacharya 

DliPAKTMlSN t' Of' CHEMISTRY, UnIVERSITT OF SaUGAR 

(Read on zGth April , 1947) 

Abstract 

Tbc cQiapiex formation between mercuric chloride and hydrochloric 
acid has been investigated by the electrical conductivity method. It has 
been concluded that the complex compounds, HCl, FlgCla; allCl, HgCIg 
and 4HCI, HgCljj exist in solution. 

The enhanced solubility of mercuric chloride in presence of hydro- 
chloric acid was noted by Rose^, and later Le Blanc and Noyes^ inferred 
the formation of complex ions in solution. - Various workers, notably 
Ditte® anti Sherill* studied the composition of these complexes. Numerous 
workers have tried the isolation and analysis of the complex compounds, 
but the results obtained are still not convincing. In recent years, Krish- 
namurti®, Braune and Englebrecht®, and Bernstein and Martin’ have 
adopted physico-chemical methods for the study of the composition of 
the complexes formed in solution, and their results together with those 
obtained by Nayar and Saraf® lead us to believe that in all cases HHgCljj 
is formed in the solution. 
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In this p=.per, wc have studied this prt.lvleu, In.m elet.ric endue- 

tivity measurements. 

Expfrimrntal 

The electrical conductivity for an M/.oo n.ereurie ehlorulc sr.lutbn 
diluted with an equal volume of water was i;.345 x to • mhos ,o 

The electrical conductivity of hydrochloric add solutions of diHerent 
concentrations were determined. The results ate tahulated below : 

Table I 


Temperature 30 

Concentration of hydrochloric acid solution 


Electrical conductivity 
in inhos. 


M/io 
M/zo 
M '30 
M/40 
M /45 
m/5 c 

M/60 

M/70 

M/80 

M/90 

M/ioo 

M/i 10 

M/120 

M/t5o 

M/140 

M/150 

M/160 

M/iSo 

Ml zoo 

M/240 

M/280 


J7'8S 

11*14 
9 - 79 1 

t%(*4 

6*184 

4*166 

1*917 
3*670 
5*289 
2 966 
I’ISo 
2*646 

2*495 

1*120 

2*064 

1*642 

Vjflij 



STUDY OF THE COMPLEX FORMATION 

Table IT 


Temperature 30° 


Final concentrations of the 

Ratio 

Electrical conductivity 

constituents in the mixture 

HgCl^ : 

HCl 

in 10-^ mhos. 

HgCl* 

HCl 




Ml 100 

M/io 

I 

20‘0 

57‘904 

>> 

M/ 20 

I 

10*0 

19*884 

79 

M/30 

I 

6 67 ' 

15*224 

79 

M/40 

I 

5*00 

9‘989 

77 

M /45 

I 

4*44 

B‘921 

77 

M/50 

I 

4*00 

8*120 

)9 

M/60 

I 


6* 6 00 

77 

M/70 

I 

2*86 

5-651 

77 

M/80 

X 

2 50 

4 - 9^5 

77 

M/90 

I 

2*22 

4 *606 

77 

M/ioo 

I 

2*00 

4*185 

77 

M/i 10 

X 

X‘82 

5*735 

99 

M/120 

I 

1*67 

3*5 5 5 

99 

M/150 

I 

x ’54 

3*01 2 

79 

M/140 

I 

t *45 

2-937 

99 

M/ 1 50 

I 

^*33 

2*703 

>7 

M/160 

X 

1*25 

2-589 

99 

M/x 80 

I 

X*I I 

2*202 

97 

M/200 

X 

1*00 

^’^73 

77 

M/240 

1 

0*83 

1*670 

79 

M/280 

1 

0-71 

i ’393 


Discussion 

The electrical conductivity of the mixture in a complex forming 
system depends on the number of ions formed by complex formation, and 
also on the respective ionic mobilities of the new ions. Any deviation 
from the additive values may be ascribed to be due to the complex for- 
mation. With this criterion, we have in the following table calculated 
the percentage change in electrical conductivities of mixtures of mercuric 
chloride and hydrogen chloride of various compositions, due to the forma- 
tion of complex ions. 
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Table III 


Composition of 
the mixture 
HgClg : HCl 

Sum of the comluc- 
tivities of the consti- 
tuents in TO-® mhos* 

Observed con- 
ductivity r)f 
the mixture 
in 10-® mhos. 

DiHirenre 

ill 

10 -^ iiilioii. 

fVrccniiigf 
di Here rice. 

I 

20*0 


57-904 

1 -04 

0*28 

I 

10*0 

19-78 

19-884 

1 ‘04 

015 

I 

6*67 

15*14 

15-224 

1-84 

I “,40 

1 

5’oo 

9*799 

9-989 

1*90 

1*94 

I 

4*24 

8 *606 

8*921 

r^^ 

5 *66 

1 

4*00 

7*670 

8*120 

4 *$c^ 

1*86 

I 

3*53 

6*390 

6*600 

2*10 


I 

2*86 

5 *< 5 r 5 

5*651 

0*56 

0*64 

I 

2*50 

4-872 

4*925 

i:rj 1 

1 -04 

T 

2*22 

4-368 

4*606 


r 4 s 

I 

2*00 

3*943 

4 *iH 5 

2*42 

6-14 

I 

1*82 

3-676 

5 * 71 ! 

0*19 

1-60 

r 

1*67 

3*305 

5 *. 3 !S 

o-fo 

1-51 

I 

1*54 

2*972 

5*012 

0-40 

1*34 

I 

1*42 

2*885 

^*957 

o‘f r 

1*76 

I 

i ’33 

2*652 

2-705 

0*6 1 

1*91 

I 

1*25 

2*501 

2*589 


j* 5 i 

I 

I’ll 

2*I!26 

2-202 

0*76 

5*57 

I 

1*00 

2*070 

2*173 

1*05 

-{’97 

I 

00 

*0 

1-648 

1*670 



I 

0-71 

1*575 

^*393 

0*1 i 

r|o 


From the results given in table IV, we have plotted a graph show- 
ing the change of percentage difference with composition of the mixture. 
It is seen from the graph that the maxima points correspond to the follow- 
ing ratios of HgClg : HCl - i : i ; i ; 2 and 1 : 4. Thus we liuvc evidence 
of the complex compounds, HgCIg, HCl; HgClg, iHCIand HgCL, .iHCI 
in the solution. 

We therefore conclude, that the compounds formed by the 
complex formation- between mercuric chloride and hydrogen chloride 
are different in composition, depending on the concentnitions of the 
constituents, 
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FIXATION AND LOSS OF NITROGliN AND TIIF. SOI RLI 
OF SOIL NfTROCJFN 

By N. R. Diiar 
{Kettd on Sep/mkr, 1947) 

RusselF has reported that the nitrogen anitcnt cjf the in wheat 

plot 2 B in Rothamsted in 1865 was 0.196% /.r. 48^0 of nitrtJgen 
per acre and in 1914 the total nitrogen went up to 0,236% /.r. t5‘/Obs. 
total nitrogen per acre when farmyard manure at tlu* rate of 14 tons con- 
taining 200 lbs. of nitrogen were added per acre, our experiments 

with cowdung we find that the ratk) of C : N is 20 or 21 : 1. Assumiitg 
20 : 1 as the C:N ratio of farmyard manure in Rothanisteil, the amount of 
carbon introduced in Rothamsted is approximately 4000 llrs, per acre. 
Our experimental results with nitrogen fixatkm using cowdung as tire 
energy material show that when the total nitrogen ermtent *»f the system 
is 0.180%, the efficiency i.e. the amount of nitrogen fixed per 1 gm. of 
carbon oxidized is 14.6 milligrams in the light and 7.7 mg. in the dark. 
We have also observed in all our experiments on nitrogen fixation that the 
efficiency falls off as the intitial N content increases. It is expected that in 
Rothamsted where there is less sunshine that the efficiency in sunlight is 
likely to be 10 mgm, and 5 mgm. in the dark with a soil containing 0.196% 
Nas in 1865, It appears that out of a total of 4000 ibs. of carbon added 
in the form of farmyard manure, 3000 lbs. may lie oxidized per year and 
may fix 30 lbs. of nitrogen per acre per year. In subsequent years when 
the nitrogen content of the soil increases the efficiency will bill off and tlic 
nitrogen fixation per year may dropdown to ij to 20 lbs. per year. In 
49 years from 1865 to 1914 the average nitrogen fixation or increase 
per year was actually 13,1 Ibs. per acre. The same soil contained 0.2210% 
nitrogen i.e. 3235 Ibs. nitrogen per acre in 1895 whilst in 1845, it was 
0.122% corresponding to 2890 lbs. per acre. Hence the nitrogen fixed per 
acre is 2545 Ibs. in 62 years i.e. 37.8 Ibs. per year. In Woburn using too 
lbs. of nitrogen in the form of farmyard manure to a field containing 
0,136% nitrogen upto 1888 the total nitrogen increased to 0.171% in the 

6 
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rears from 1876 to 1888. This experiment, therefore, shows a gain of 13 
lbs. of nitrogen per year. 

On the other hand, when 43 lbs. of nitrogen as ammonium sulphate 
were added with minerals the soil nitrogen which was 0.122^ i.e. 2890 
lbs. per acre in 1845 o.iio~i% i.e. 2629 lbs. per acre in 1893. Ni- 

trogen added in the form of manures in 50 years was 2150 lbs. and the 
crop took up 40 lbs. per year. Rain and seed supplied 350 lbs. in 50 
years. Hence there is a dead loss of 760 lbs. in 30 years i.e. 15.3 lbs. 
per year even when manured with 43 lbs. of nitrogen per year in Rothams- 
ted. On the addition of 86 lbs. of nitrogen per year the soil contained 
o.ii()% i.e. 2818 lbs. per acre. Hence the loss from the soil is 72 lbs. 
of nitrogen in 30 years during which period 4300 lbs. of nitrogen were 
added as ammonium sulphate and the crop consumed 44 lbs. per year i.e. 
2200 lbs. in 30 years. Rain water and seed also supplied 530 lbs. Hence 
the dead loss in this case is 30.3 lbs. per year. Moreover on the addition 
of 129 lbs. of nitrogen as ammonium sulphate per year the soil nitrogen 
rose to 0.129^^ i.e. 3053 lbs. per acre in 1895, whilst in 1843 it was 
o.izz%. Hence in this case the gain in soil nitrogen is only 165 lbs. in 
30 years. The manure added 6430 lbs. and rain and seed another 550 
lbs. Hence the total added nitrogen is 6965 lbs. out of which the crop 
took 46 lbs. per acre per year i.e. 2300 lbs. in 30 years, in this case on 
the addition of 129 lbs. of nitrogen as ammonium sulphate, the dead loss 
in 30 years is 4318 lbs. i.e. 93 lbs. per acre per year. 

On the other hand in the unmanured plot the nitrogen content in 
1893 was 0.0990^ i.e. 2345 lbs. per acre whilst the original nitrogen was 
0.122^ i.e. 2890 lbs. per acre. Hence in this case the fall in nitrogen in 
the soil in 50 years is 343 lbs. The crop was using 17 lbs. per acre. 
Hence the nitrogen balance is as follows : — 

Taken up by the crop. Rain water and scctl. Difference, 

830 lbs. 330 lbs. 500 lbs. 

whilst the soil lost 343 lbs. Hence tlic dead loss is only one pound per 
year per acre. 

It is clear, therefore, that when about 100 lbs. of nitrogen are added 
in the form of ammonium sulphate even in England more than 60 lbs, is 
lost without benefit to the crop or the soil and the majority of the nitrogen 
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added is lost. In India the loss is ccrwinly grcncr a * « >ur experiments 
with ammonium sulphate reveal. 

If intensive cultivation is done and if the soil niirogen lias u i be 
maintained at a steady level we should l>e prepared t«» .uld nitrogen as 
ammonium sulphate to the extent of too lbs. of nitrogen per at re fttr a 
good crop yield but about 2/5fd of it may Iw !t>si as g.iH t JUs nitOigen, 
This loss is mainly due to the formation and drajinp{»sii«t»n of t lie unstable 
substance ammonium nitrite in the processes of .imn;cmitieat!0« and niirj. 
fication, which are oxidation reactions, 

Russell and Voelcker® haveemphasisctl that tn Wobutt! experiments 
there were residual effects even of ammonium sulphate ,md sodium nitrate, 
although this has not been observed in Rothaimsted, These oiiscrvatitms 
can be readily explained from the viewpoint that when st»dium nitrate, 
ammonium sulphate or any nitrogenous matte; is added t<» flic soil tlie 
crop will obtain their nitrogen rccjuircmcnts from these m:»nure.H and stot 
from the soil as happens when crops arc grown in immanuretf ticlds. 
Moreover, as there is more crop in the tn.tiiurcd dclds*, the plant residues 
left in the fields after harvesting arc larger in amount tiuin nt umnanwred 
fields and hence more nitrogen fixation is possible in manured tkids than 
in the unmanured ones. In foregoing pages it has been slated that when 
ammonium sulphate at the rate of 45 ll>s. 86 lbs. and imj !bs. per acre 
has been added annually the nitrogen content <»f tlic soil after harvesting 
the crop is greater than in the unmanured field and hence tlie crop jwj- 
duced in subsequent years will be larger in the former ones even with- 
out application of manure than in the latter. 11iis is supported by rite 
Rothamsted results showing that the total N content of tfic unmatiuretl 
field is 0-095^ against 0*099^ using artiticial manures. 

It is well known that the chief object of .starting the Woburn c.xperi- 
mental station was to test experimentally whether the dung obtained from 
animals fed on decorticated cotton cake lias kttcr manurial value o« soils 
than the dung obtained from corn feeding. After jo ve.us e.vperiment 
Russell and Voeicker® stated as follows : 

A review of the te.sults forces one to the conciusioii that the experi- 
ments have entirely failed to show any marked superiority of cake feeding 

over corn feeding on this soil”. 
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These unexpected results have not yet been explained by the workets 
in Rothamsted or Woburn but will be quite clear from the following 
considerations : 

In the Woburn experiments in the cake 45 lbs. of NH3 i.e. 37 lbs. 
nitrogen were added per acre, whilst with cornduhg 18 lbs. NHg added 
i.e, j 4*8 lbs, nitrogen were added. 

Now if we take C : N ratio in corndung as 30, then the carbon added 
is 444 lbs. per acre, out of which approximately i/4th i.e. m lbs. remains 
in the soil. Then about 350 lbs. of carbon is oxidised in the soil per year. 
This may lead to a fixation of 6 lbs. of nitrogen. Hence the total 
nitrogen in the comdung is 6+ij lbs. = 21 lbs, per acre. Even if we 
assume that the C : N is 20 : i in corndung,the carbon added is 296 lbs, per 
acre and if 150 lbs. are oxidised yielding 2 lbs. of fixed N and making a 
total of 17 lbs. of nitrogen per acre. The soil contains nearly 0‘i56^ i.e. 
3500 lbs. total nitrogen and hence the total nitrogen in the cake dunged 
field is 3 500 +37 lbs, = 3537 lbs. and in corndunged field is 3 500 + 21 lbs. =* 
3J2I lbs. per acre. If we assume that about z% of the total nitrogen is 
in the available form, then the available nitrogen becomes 70.7 ibs. per 
acre in the cake dunged field and 70.4 lbs. in the corndunged field and 
thus the crop should be identical. 

Even when the total nitrogen of the soil drops to 0.093^ after conti- 
nuous cultivation, the total nitrogen in the soil becomes 2082 lbs. per 
acre and if 2% is in the available form, then the available nitrogen 
becomes 41.6 Ibs. per acre. But if we add the cake dung or com dung, 
the total nitrogen in the cake dung becomes 2082 + 37 lbs. = 2119 lbs. 
making 42.4 lbs. available nitrogen per acre, whilst with corn, the total 
nitrogen and available nitrogen become 2103 lbs. and 42 lbs. respectively. 
This also should produce the same crop. On the other hand, if nitrogen 
is added in the form of ammonium sulphate or sodium nitrate instead of 
the cake the position becomes different atonce as will be evident from the 
following lines : — 

The original available nitrogen present in the soil is 70 lbs. per acre, 
whilst the available nitrogen added is 37 lbs. (equivalent to the cake 
dung) and this makes 107 lbs. per acre, whilst with corn dung equivalent 
of nitrogen added ag ammonium sulphate or sodium nitrate, the total avai- 
F. 2 
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lable nitrogen comes upto 70+ 15 lbs. = 85 lbs. TIick* .uiioujits t»f avai- 
lable nitrogen should produce better crops than with dung, metre so with 
the first case than in the second but Iioth the crops slr»«li! be i)cilcr tlian 
with dungs. This is corroborated by the Wrtbura cspcriniciit.'!. 

Source of Son. NiTitoGESi CIommkj.nib 
According to HalP leguminous plants or ratlscr ilic bacteria witli 
which they are associated arc pndxihly the original sotirce of wtokl’s 
stock of combined nitrogen. Russell* has stated “ In l-ngland they had 
established that the source of nitrogen in the soil was iegyniintius pl.mts. 
But in the arid regions of CJ.S.A. they failed to get ckvir evidence of 
fixation by leguminous plants”. On the orlicr hand lias emphas!- 

sed that the nitrogen status of a soil is permanently incrcascil by the addi- 
tion of cow-manure (farmyard manure) or other carbonaceous sub.stances 
e.g. molasses, leaves, hay etc. which arc oxidised iti die soil c«u.eing 
nitrogen fixation but not by legumes which do not leave a residua! cflcit 
on the soil for long. The sources of soil nitrogen is this fixaiitm of 
atmospheric nitrogen and the added nitrogenous niaucr prescni in plant 
residues. 


This conclusion of Dhar is supported by the following classical 
observations made at Rothamsted and Woburn, 'fhe I h»«s field (Rotham- 
sted) experiments with red clover were continued from 1X49 to 1877 
during which clover was sown ij times but only produced a CK>p in 
seven years. This land was divided into a number of small plots from 
1878^ and sown with various leguminous plants like lucerne, peas, beans, 
vetc es etc. At first a fair growth of some of the plants was obtained 
on the land which had ceased to carry red clover but in later years there 
were repeated failures of growth. The land got very foul ami in a poor 
mec amca condition. Hence in 1898 the greater part of the land was 
• own with wheat without manure and the rc.sult showed that the legumi- 
nous crop left residual nitrogen in the soil but this residue was rapidly 

busintrinSl "“Tr kguminou, cn.p» « a diflkuU 

of .f Thus one 

of the permanent barley plots in Rothamsted received .4 tons of farmyard 
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manure containing zoo lbs. of nitrogen per year from 1852 co 1871. It 
was thep divided into two plots one of which received no manure of any 
kind, and the other continued to receive farmyard manure. The produce 
in the barley plot on the half receiving no manure since 1872 was double 
of that obtained from the continuously unmanured plot even after 30 
years. In Rothamsted experiments with hay, farmyard manure was 
applied for the first 8 years at the rate of 14 tons per acre. The applica- 
tion was discontinued but the beneficial effects lasted for 40 years. 
Similar lasting residual effect of farmyard manure has been reported in the 
Woburn experiments.'’' Moreover, a plot of land in the Geescroft ■ field 
(Rothamsted) covered with grass without any leguminous plant showed 
an increase in nitrogen from 0.108 to 0.143 ^ in 20 years i.e. 44 lbs. of 
nitrogen per acre per annum. The following results were obtained on 
Broadbalk plots to which ammonium sulphate was annually added since 
1844 and sodium nitrate since 1852. The original nitrogen in the soil 
was probably o.izz%. 

Ammonium Sodium Farmyard 

sulphate nitrate manure 

Nitrogen added per acre in lbs. None 45 86 129 45 86 200 

Nitrogen in soil % in 1914. 0.104 o.iii 0,119 0.129 0,116 0,115 0,256 

It appears therefore, that there was deterioration of soils with 43 lbs. 
and 86 lbs. but with 129 lbs. nitrogen added as ammonium salt or 
nitrate the nitrogen of the soil remained practically stationary, whilst 
farmyard manure which can fix atmospheric nitrogen improved the soil 
status markedly. Leguminous crops with a C/N ratio of about 12 to 15 
adds total nitrogen temporarily and this is nitrified fairly quickly and 
the available nitrogen thus produced is partially absorbed by the crops 
and partially lost as nitrogen gas. In this respect they resemble artificial 
farmyard manure (compost.) Because of the presence of carbonaceous 
compounds in the leguminous crops the nitrification of the nitrogenous 
compounds is retarded to a certain extent and hence the residual effect 
may last for 2 to 3 years whilst with ammonium salts there is hardly 
any residual effect even in the second year. Farmyard manure, however, 
with a C/N ratio of 20 or more has been found to fix atmospheric 
nitrogen and the carbonaceous compounds in farmyard manure preserve 
the soil nitrogen from rapid nitrification and loss by acting as negative 
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catalysts in the ammonkation and nitrification processes, winch arc oxi- 
dation reactions and the residual tffect may last f«»ra vtry iniuh longer 
period. The leguminous crops arc plants < f a vny special variety am! 
have to be aided by bacillus radicicola or other syrobit^fk: bacteria for 
nitrogen fixation. These plants and bat tcria do rn>t occur in ail soils. 
Hence it is difficult to assume the presence of these plants and bat tcria 
in newly formed soils where nitrogen fixation takes place rt.jdily and tins 
process may be a physico-chemical and non-bitiktgical rcacf!t>n aiticti by- 
light absorption. At a later stage in the tv«iiution of the sffil, Azuto- 
bacter and bacillus radicicola wdth kgumes may appear and help in the 
soil enrichment. The recent report of Keen” that the residuaf effict of 
artificial manures in Cyprus is more prtjnounctti than «»r|j;»nic nianurcs 
is contrary to the experiences in India, Ceykiu, South Africa, i rcnch 
Morocco and Greece but his observations on tltc additions *»f tirganic 
matter to tropical soils are explicable from the viewpoint advanced here. 

Summary 


(i) Experimental results on manuring show that anttnt uttum sulphate 
or sodium nitrate only improves crop production but tlocs ntit iticreasc 
soil fertility and the total nitrogen content of the soil. When i«t, l|»s. of 
nitrogen per acre of arable land are added as ammonium sulpliate almost 
65 lbs. are lost without benefit to the soil or cron. 


(2) Cow dung, farm yard manure, leaves, intfitsses, hay' etc. contain- 
ing carbonaceous compounds not only fi.K atmospheric nitrogen and 
enrich the soil but act as a preserver of the nifrt .genous compounds Iw 

fmetronmg as negative catalysts in the processes of antnumilkation atul 
maintTr’t„T^* oxidation reactions. The loss of soil nim.gen is 
formation mw&anon of nitrogen cimipiun.ls with the 

llSl Hence am„„„ium 

nittoei’'in‘’foT,oir- T f "f «>nii.innl 

g in the soil is the fixation of atmospheric nitrogen hv the oxida- 

tion of carbonaceous compounds present In the organic Lnurcs and the 

marresTrb^S^^ 

ects on soils for jo or even 40 years after their 
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addition, whilst legumes can have residual effect for not more than five 
years. 
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OXIDATION OF EDIBLE SUBSTANCES in* liYDROC.EN; 

PEROXIDE WITH IRON AS CATAIAM' 

By N. R, Dhar and B. V. S. 

(Read on ijfh Sepfmhr, 1947) 

Edible substances like fats, carbohydrates ami proteins arc easily 
oxidized in the animal body. In norma! hteihli slow and .simultaneous 
oxidation of food materials containing fats and carbolsydr.m s and protrijifi 
takes place but in diabetes glucose, wliich is Ibe chief ciscrpy tiiaierial 
under normal conditions docs not take part in the oxidatimj. I fem e tl.e 
oxidation of the other materials like proteins and fats has to In* haste ned 
in the human body and this produces acetone hiHlies harmful i«> the 
system. 

In this laboratory Chakravatti and Dliat* carried on experiments 
with hydrogen peroxide as oxidising agent iti presence uf fet rie rajj as a 
catalyst and in this paper our observations and results arc recorded in 
extending the same line of investigation with other fornl materials. 

Experimental 

(a) 0.5 gr. of the organic substance was mixed with 50 er. w.ner to 
which 10 cc.{of 1 1-2 vol. hydrogen peroxide were added with Ice. «.f ferric 
sulphate, containing 0.005 gr. of iron. The mixture was kept at 50’^ for 
60 hours. Then it was distilled and to the distillate wltieli w as ftee from 
hydrogen peroxide, 10 cc. of N/io caustic soda and to ce. of N/to iotline 
were added and was set aside for 10 minutes and the am. n.nt t,f iodi.ie 
used up was estimated. 

(b) 0.5 gr. of oil and 0,5 gram of dextrose were taken and 15 ee. of 

carbon tettachlotidc were added. Then jocc.ofa a,niai„i„,; 

equal volums of 5 ^alcoholic iodine and 6 ;^ alcoholic mcrciitic cliloiidc 
which were mixed a day before were added to the oil ami dcattusc nurture 
whit* was left overnight and the amount of iodine used up per 111.1 ur. 
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(c) 0.5 gf. of oil was taken and 10 cc. of hydrogen peroxide and Ice. 
of the same ferric sulphate solution and 50 cc. of water were added to the 
oil and this mixture was kept at 50° for 60 hours. Then it was distilled 
free from hydrogen peroxide and the residue was treated in the manner 
described in (b). The difference between (b) and (c) gives the amount 
of oil oxidised in terms of iodine. A small correction has to be applied 
for the amount of iodine taken up by dextrose in (b) and with 0.5 grm. 
dextrose 0.02 gram of iodine was absorbed. 

It was observed by Dhar and collaborators^ 3 and by Moureu 
and Dufraisse* that the slow oxidation of substances is retarded by 
reducing agents which usually undergo oxidation along with the primary 
change. ® 

Not only fats and proteins produce compounds of aldchydic and 
kctonic nature but the carbohydrates as well. The explanation is not far 
to seek. The carbohydrates on oxidation give rise to glyceric aldehyde 
and lactic acid and these produce acetaldehyde®. The higher fatty 
acids gradually undergo oxidation to compounds containing smaller 
amounts of carbon by j8-oxidation® and finally to butyric acid which may 
give rise to acetone bodies, f’roteins hydrolyse and give alanine and 
other amino-acids. These in turn produce acetaldehyde and other aldehydic 
bodies. 

Oxidation of sodium tartrate, sodium citrate, sodium oxalate, sodium 
acetate, butter, ghee, gingeli oil, castor oil, cocoanut oil, groundnut oil, 
mustard oil, lactic acid, stearic acid, sodium palmitate, sodium olcate, 
yellow of the egg, white of the egg, and dextrose was studied and also 
the effect of varying the amount of dextrose from 0.5, 1 , 1-5, to 2 grs. 
A glance at the table no i . shows that sodium tartrate tops in the list 
in the formation of acetone bodies when it is individually oxidised (table 
no I, column no 2.) with hydrogen peroxide. Then come palmitate and 
oleatc, dextrose, and ground nut oil. Ground nut oil and dextrose arc 
comparable in their oxidisability. When oxidised alone yellow of the 
egg, butter, ghee give small amounts of acetone bodies (o.ozgr) stearic 
acid gives the least amount of acetone bodies (o.oo5gr.) Yellow of the egg. 
gives greater amount of acetone bodies than the white (0.0199 against 
o.oi4igr.) 
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Table j 


Amounts 

oj acetone 

bod/cs 

(in terms * 

1/ /fifliiir) 

Itlih ir^ ;T 

substance + carbohydrate. 





I 

Z 

5 

4 

1 

it 


Acetone 

Acetone 

Acetone 


Ai*t tfHlf 


hotiies wiih 

botiics with 

with 

liMfijch with 

Substance. 

bodies with 

i‘L Ch -fO.SEf i'h 0 ^ 4 * iMf 

ligC >|4 



Hj Og only 

Dextrose 

Dextroic. 

gii 


Sodium tartrate. 

0.1709 

O.DO |4 

o.mjt 

O.COfI 


Sodium palmitate. 

0.1370 

0.0059 

o.0of9 

o. 007 f 


Sodium oleate. 

0.1094 

0.0052 

0.0073 



Sodium acetate. 

0.0976 

0.D046 

0.00f2 

0,0111 

1 1 

Sodium citrate. 

0.0939 

o.ooB I 

O'.oiai 

e.oi 4 t 

0 ,‘M 44 

Sodium oxalate. 

0.0893 

0.0116 

0.0152 

0,0171 

0.0171 

Dextrose. 

0.0765 

m 0 m m 

») * » * 

# # * «* 

♦ .f » 

Ground nut oil. 

0.0720 

0.0214 

0*02 34 



Cocoa nut oil. 

0.024 

0.0059 

0.0069 


o,ao7t| 

Lactic acid. 

0,0204 

0.0069 

0.0069 


0.0079 

Mustard oil. 

0.0204 

0.0073 

0.0071 


o.rru 79 

Castor oil. 

0.0204 

0,0039 

0,0047 

0.006 


Yellow of the Egg. o.oi $9 

0.004 1 

0.0047 



Butter. 

0.0157 

0.0059 

0,0067 



Ghee. 

0.0153 

0,0067 

0,0059 

O.OIIt 1 


White of the Egg. 

0.01 41 

0.0061 

0.^61 

0/«07i 

o,mi 74 

Gingeli oil. 

0.0139 

0.0067 

0.0067 

0 , 0 © 7 I 


Stearicacid. 

0.0059 

0.0067 

0,0052 

0*0071 

♦ *rO 079 

Then o.5gr. of each 

of the above substance! 

1 was niixcil 



of dextrose (table no i, column 3). Sodium lartnuc whit i? gives the 


maximum amount of acetone bodies in the and coluiun now ponhices 
minimum amount (o,oo34gt against o.i709gr). In this scries of experi- 
ments ground nut oil gives the maxiniuni amount of aerttme Innlics 
(o.o2i4gr.) Ghee, butter, mustard oil give acetone iKjdies of ilic order 
of about (o.ooSgr). Hcncc the marked effect of dextrose in lowering 
the formation of acetone bodies. 

For example taking the minimum case in column j, table no 1 ri^, 
o.jgf. of dextrose and o.5gt. of tartrate give 0.ooj4gr. of acetone bodies 
while they ought to give 0.0765 4 - o,i709«a.i474gr had there l»ecn no 
retardation. 

The effect of increasing the amount of dextrose from 5, 1, t'S, to 
2 grs. was also investigated (table 1 columns 3,4,$, 6)- 'I he amtHini of 
acetone products formed rises with the increase in the amounts c»f dextrose 
(upto i.5gr. of dextrose) in the ase of sodium tartrate, pahniiate, citrate 



OXIDATION OF EDIBLE SUBSTANCES' BY HYDROGEN FFROXIDE 17 

namely with substances which give high amounts of acetone bodies when 
they are individually oxidised with hydrogen peroxide. With slowly 
oxidisable substances like butter, ghee changing the amounts of dextrose 
has relatively smaller effect. ' 

The mixed oxidation of fat, carbohydrate and protein was also studied 
(table 2). In this series of experiments dextrose and fat together were 
mixed with the white of the egg or yellow of the egg and the effect was 
studied. With white the maximum amount of acetone bodies is given 
by sodium tartrate (o.oi34gr column 2 table 2) and the minimum with 
lactic acid (o.oo68gr.) Ghee and butter give about o.ooSgr. With the 
yellow of the egg the maximum is given by tartrate 0.0041 gr and the 
minimum by b®.tter, ghee, and mustard oil (column 5 table 2). Here also 
the decrease of the acetone body formation in the mixed oxidation of 
fats and proteins and carbohydrates is apparent. From the table we 
can see that the amount of acetone bodies got by the yellow of the 
egg is much smaller than the acetone bodies given by the white (the ratio 
is about I : 3). 

Table 2 

' Amounts of acetone bodiis got in terms of iodine in the mixed oxidation 
of O’} gr. Fatr + O’ ^ gr. protein + o’ f gr. Dextrose. 


Acetone bodies Acetone bodies 
with o'jgt. with o'5gt. 


Substance 

Dextrose -f- 

Dextrose 4 - 


o'j white of o-5gr. of ydjo' 


^gg* 

of egg. 

Sodium tartrate. 

o’oi 54 

0*0041 

Sodium palmitate. 

0*0151 

0*0039 

Sodium oleate. 

0*0130 

0*0041 

Sodium acetate. 

0*0125 

0*0041 

Sodium citrate. 

0*009 

0*0034 

Sodium oxalate. 

0*0099 

0*0041 

Ground nut oil. 

0*010 

0*0039 

Lactic acid. 

0*0068 

0*0024 

Mustard oil. 

0*0073 

0*0023 

Castor oil. 

,0*0093 

0*0023 

Butter. 

0*0079 

0*0023 

Ghee. 

0*0079 

0*0027 

Gingeli oil. 

0*0093 

0*0059 

Stearic acid. 

’ o*oo§4 

0*0039 

.Cocoanut oil. 

0*po8 

q 

d 

0 
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By the iodine value determinations it was studied whether when a 
fat is mixed with a carbohydrate it is undergoing retardation or not 
(table 3). From the table of iodine values the difference in the values in 
the columns 2 and 3 gives the amount of oil oxidised and the difference 
of the values in columns 5 and 3 gives the amount of retardation. 


Table 3 

Iodine values etc. in the Oxidatiou experiments ptrjormti. 


I 2 3 

Iodine used Iodine used 
up pet loogfs per 100 gts. 
of oil after of oil 
correction for with HjOj 
dextrose, only. 

Castor oil. 85'i 

Cocoanut oil. 9'i i-ai 

Ground nut oil. 73 i8'4 

Mustard oil. 100-4 83*2 

Butter. 30*1 17-8 

Ghee. 17-4 

Gingcli oh. 109*6 96*3 


4 

% 

6 

Amount re- 

Amotjot of 

Iodine uiied 

tarded in 

oil oxidf«cl 

up per 

terms of 

in termi * 

100 pt. of 

iodine (after 

of 

oil + HfOm 

correction 

iodine* 

■f Dextrose. 

for 

dextrose). 

i6 

73 '* 

4 - 1 1 

rH 

»‘45 

1-26 

55‘5 


25.47 

I7*a 

88-2 

J-02 


2 I'2 

3 " 4 i 

in 

10-7 

3'32 


100-6 

43 ** 


Conclusions 

dextrose appears to form as much of acetone bodies as 

2. The amount of acetone bodies obtained in the mixed oxidation 
of either fat and carbohydrate or fat, carbohydrate and protein is much 

smaller than the sum of the amounts of acetone bodies which each gives 
rise to individually. ” 

3. With substances tvhich form large amounts of at-elonc bodies 
whenmdmduaUjojudrsed the amount acetone bodies formed tend to 
me with me^mg amounts of desttose. With slowly oxidisable subs- 
tMces like ghee, butter etc. rise in the amount of dextrose has not much 


..h, + 1/3 the amount of acetone 

w c 1 the white gives in the presence of carbohydrate and fat. 


bodies 
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These results are in general agreement with those obtained pre- 
viously in this laboratory. 
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INVESTIGATIONS ON NICKHL A.\!M 1 NI*S 
Part T. Isolation of Nkkel Aamine Thmjamtes 
By C. S. Shaw and S. Ghosh 
Physical Chemistry Laboratory, Allahabad UNiVEHSiit 
Abstract 

Two new methods of preparation of Tctra and Tri, amnn*nia!e nickel 
thiocyanate have been described. 

Introduction 

It is well known that a solution of ammonium hydroxide when added 
to cobalt, nickel and copper salt solutions gives a precipitate of tlie 
hydroxides of these metals which dissolve in an excess of tlic reagent 
forming complex ammines. 

A large number of cobalt^ and copper^ ammines have been investiga- 
ted by numerous workers. Some complex ammines of nickel salts notably 
those of nickel halides, nitrates, sulphate and phosphate, liavc also liecn 
isolated.^ 

The present investigation has been undertaken in order to find out if 
there exists any co-relation between the composition and pniperties of the 
various nickel ammines with those of cobalt andfeopper. 

Nickel thiocyanate tetra ammoniate Ni (CNS)^ 4NH3 was first men- 
tioned by Meizendroff.® Bohan* however found that Meizendroff's 
compound corresponded to nickel thiocyanate tri-amnioniate, l ie further 
prepared nickel thiocyanate ammoniates with 2, 5,4, 5^ and 8 mols. of 
ammonia. A tri-ammoniatc has also been mentioned by Peters.’ 

The method of preparation of the tetra ammoniate etmipound used 
previously was by adding an equivalent amount of ammonium thiocyanate 
solution to a hot saturated solution of nickel sulphate, then adding 
ammonia solution till there is a strong smell of ammonia. 'This solution 
when left for crystallisation, yielded the tetra ammoniate compound. 

In this paper two new methods of isolation of the tetra and the tri 
ammoniate nickel thiocyanate have been described. 
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Experimental 

• The sulphate ion, from nickel sulphate was first removed from a 
mixture of a nickel sulphate solution containing ammonium thiocyanate, 
by adding requisite amounts of barium hydroxide solution and simultane- 
ously adding excess of ammonium hydroxide solution. The insoluble 
barium sulphate was then filtered out and the filtrate set apart for crystalli- 
sation. 

It was found that the ammonia escaped very quickly and unless the 
solution was very concentrated it had a tendency to hydrolyse. In the next 
attempt therefore, nickel thiocyanate was prepared and simultaneously 
converted to the ammine complex by treating a mixture of solid nickel 
sulphate and barium thiocyanate with concentrated ammonia solution. 
The method of obtaining nickel thiocyanate depended on the formation 
of this compound by the interaction of barium thiocyanate and nickel 
sulphate in the reaction mixture when barium sulphate separated out. 
The nickel thiocyanate then reacts with ammonia to give the ammine 
complex. 

To a weighed quantity of nickel sulphate (NiSO^ yH^O) an equivalent 
amount of barium thiocyanate was added in the solid state. To this, a 
measured volume of concentrated aqueous ammonia solution was added, 
the precipitated barium sulphate filtered off and the filtrate was set apart 
for crystallzation at a room temperature (30°). After leaving it overnight 
crystals were found to have been formed. These crystals were separated, 
dried quickly by pressing between layers of filter-paper and in order to 
avoid loss of ammonia from the crystals, they were kept in a well corked 
glass tube in a dessicator filled with ammonia vapours, over lime. 

It was found that a good yield of the crystals could be obtained by 
using at least i/io th. molar quantity of nickel sulphate, an equivalent 
amount of barium thiocyanate and atleast 5c-6occs of approximately .11 
M ammonia solution. With a more dilute solution of ammonia the 
filtrate, hydrolyses on standing. 

Nickel in the crystals was estimated as the dimethylglyoxime com- 
pound, ammonia by the Kjeldhals’ method and thiocyanate by the Volhard 
method. 
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Molecular 

Total N’i : NUg formula. 

09.55 ! : 5.971 The ratio of Ni ; 

CNS was found 
to l>c i:*. Water 
of crystailizatson 
absent Hence 
Molecular for- 
mula Ciilcalated 
Ni (CNS)*. 4MH8 

:alculated. 24.29% 47-72% 27.99% 100.00, i 

The tetra-ammoniate compound thus obtained by us, smells very 
slightly of ammonia. Has a saphire blue colour with vbkt tinge. The 
surface layer of the salt gradually tarnishes when exposed to air because 
of the loss of ammonia. The salt is soluble in ammonia solution giving 
a greenish blue, blue and violet blue solution, depending on the increas- 
ing concentration of ammonia. 

It will be seen that in the method described above the ammonia 
compound that crystallizes out is mainly the terra aramoniaie nickel 
thiocyanate, provided precautions are taken to avoid the loss of ammonia 
ftom the crystals. The second crop of crystals from the above which we 
expected to be a lower ammonia containing compound, when analysed 
proved to be a mixture of tetra and lower ammonia containing compounds 
For obvious reasons. Any attempt to prepare pure lower ammonia 
sontaining nickel thiocyanate ammoniates, by the same method, ljy using 
note dilute solution of ammonia proved fruitless, Ixcause of the hydro- 
lysis that occured during crystallization. Hence another method was 
adopted for the preparation of these complexes by taking nickel carbonate 
ind ammonium thiocyanate as the starting material. 

For this, a sample of Merck’s nickel carbonate (basic) was taken and 
ts nickel content estimated. To a weighed quantity of nickel carbt^nate 
i/ioth. molar, joccs of fairly concentrated solution of ammonium ihiocya- 
late (approximately solution) were added, the stilution warmed when 
:here was a vigorous elFervesence with the evolution of carbon dioxide 
lad some ammonia. The solution was filtered and set aside for crystalliza- 
tion at a room temperature (26“) when small blue crystals a'paraied out 


The analytical results found : 

Nickel Thiocyanate Ammonia 
24.20 47-67 27.68 
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after some time. The crystals were dried by pressing between layers of 
filterpaper and kept in a well corked glass tube. 

The analytical results found are. 


Nickel. 

Total Analysis. 
Thiocyanate. Ammonia. 

Total. 

Ratio. Molecular 

NirNHg Formula 

26.2 

30.89 

21.89 

98.98 

i : 2*900 The ratio of Ni: 


CNS was fou* 
nd to be 1:2. 


Water of cry- 
stayllization 
absent. Hence 
molecular 
form u 1 a 
Ni(CNS)2. 5NH3 


Calculated. 26.11% 51-52% 22-57% 100.00 

The triammoniate compound thus obtained by us does not smell 
of ammonia. Has a blue colour and does not tarnish for some time when 
exposed to air. The salt is soluble in moderately concentrated ammonia 
solution giving a greenish blue solution, but hydrolyses like the tetra 
ammoniate compound in aqueous solution with the precipitation of nickel 
hydroxide. 

Conclusion 

More work is in progress to isolate pure sample of higher ammine 
compounds of nickel for a complete study of the various nickel ammine 
complexes. 
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STUDIES IN THE PRODUCTION Of* YEAS] 


By N. R. Dhar and Krishna Baiiauur 
Chemical Laboratory, Allahabad Universiiy. 

, Pasteur in his classical researches on ‘FennematbiT ticscrilxxl this 
phenomenon as ‘Life without air (La vie sans i’air)' ixcausc the chemical 
change involved in fermentation is as follows |g{ \ sa a COz+a 

C2H5OH + 2 5K Cals and free oxygen docs not take part dirceily in the 
process. 

In ordinary fermentation of sugaB into aicoho! Pasteur \v.is the first 
to demonstrate that yeast can Ih'c in the presenec of oniy stm It traces of 
oxygen. Since the growth of yeast is abundant in the proeesfi of fermcn- 
tation and the small amount of oxygen present is useti up rjspidly, it can 
be assumed that the greater part of the development of eatt take 
place in the absence of free oxygen. The energy requirement of the yeast 
is met with by the heat of the reaction as stated abn e. 

We have carried on numerous experiments on the prodwetitm of yeast 
by using different energy materials and have found that yeast can grow 
vigorously using even alcohol and starch as energy materials specially 
when air is passed. 

In our experiments on the growth or yeast (Torula variety contain- 
ing 6.8^ N and 22.8^C.) we have used anafytkally pure starch of 
strength and have passed a current of air. The tcjiipcrature was 
maintained at 30°; without passing air hardly any grow tit of yeast is 
observed. 

Similarly we have obtained a vigorous growth c»f yeast Iw passing 
air in dilute solutions of alcohol. In this reaction the presence of any 
carbohydrate is not essential. The dilute alcohol wiiht»ut anv orlser energy 
material is slowly oxidized by air in presence of yeast am! supplies cnertw 
according to the following equation 

C2H5OH + 3O2 = 2 CO2+5 HgO + 325, K. Cals, and a part of the 

^cohol seems to be assimilated by yeast for building its bodv nuuerials. 

We believe that the same thing happens with starch, iiy passing air, 

Z4 
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we have been oble to grow yeast even in solutions or suspensions 
of glycerol, gelatine, oils, urea, ammonium sulphate, microcosmic salt, 
sodium nitrite, sulphur, sulphite, thiosulphate, ferrous oxide, metallic 
aluminium, zinc, space cobalt, iron etc. used as food materials. 

India being chiefly as yet an agricultural country has an abundant 
supply of raw materials for yeast manufacture e.g., rice, barley, maize, 
wheat and potatoes, molasses etc.. Another raw material on which so 
far no attention has been paid is toddy. With the coming of prohibition 
in the country, toddy may become a useless product. Fresh samples of 
toddy have been analysed in these laboratories and were found to contain 
approximately 15.4 gms. of sugar per 100 cc. of fresh toddy which yielded 
1.25 gms, of yeast without passing air. 

The effect of nitrates and phosphates of sodium potassium and ammo- 
nium on the growth of the Torula variety of yeast have been studied. It 
has been observed that ammonium nitrate increases the yeast growth, 
sodium phosphate has also a beneficial effect while potassium ions have a 
slight toxic effect on the growth of yeast. The effect of negative ions 
like acetates, chlorides, sulphates etc., on the growth of yeast and alcohol 
formation have also been investigated. It is found that the presence of 
an excess of sulphate ions in the culture decreases both alcohol and yeast 
formation. Acetate ions favours yeast formation but retards alcohol 
production, while chloride ion favours alcohol formation but retards yeast 
generation. In the control experiments the yield of yeast was 10.2^ 
of the sugar fermented and it increased to if acetate ions were 

present and decreased to 9.75^ if sulphate ions were present. Small sugar 
concentrations were found favourable for yeast growth while at higher 
concentration there is a tendency "for alcohol production in larger quantity. 

The effect of toxic substances on the growth of yeast and alcohol 
production has been studied ; — 

As, O3, CuSO^, Sbg ($04)3, Fe SO4 and Mg SO4 retard the growth 
of yeast but ZnSO^ in low concentrations accelerates the yeast growth 
while in higher concentrations retard it. 

The effect of light on the growth of yeast has also been studied and 
it is found that diffused light is beneficial for the growth of yeast. 

F. 4- 
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Very interesting results have been obtained by growing yeast by 
passing air in medium containing small amounts of alcohol iir starch and 
necessary inorganic salts in the complete absence of sugar;— 


Medium 


Grs. yeast 
produced 


750 c.c. of culture medium containing 7-5 gms. alcohol a.yiiS 

750 C.C. of culture medium containing 7.5 gms. of starch a!,i$6} 


Tempt, z? 50* 

Yield of yeast 
on the wt. of 
alcohol or 
starch 

j6.2 

28.75;: 


It is obvious that the energy liberated by the oxkiation nf alcohol 
and starch which are exothermal reactions, is utilized by the yeast for its 
functions of life and growth. This has a great industrial Ircaring for yeast 
can be grown in waste liquors from different industries containing small 
percentages of alcohol which can not be recovered easily by the ordinary 
methods. We have been successful in decreasing the alctdioi content 
of wines and converting a part of the aladiol into yeast which is an 
excellent food material. We are in touch with wine-makers and advising 
them to prepare healthy wines by aerating them and in this process a 
part of the alcohol is converted into a nourishing food. The Germans 
live a good deal on beer especially in summer months. German Ix'er is 
rich in yeast but poor b alcohol 

Experiments are in progress to obtain yeast in large quantities and 
study the mechanism of alcoholic fermentation and yeast production and 
to preserve its vitamb contents. 



QUANTITATIVE STUDY OF THE EXTENT OF INHIBITION 
OF THE PRECIPITATION OF STANNIC SUITHIDE 
IN PRESENCE OF SOLUBLE TARTRATES 

By Arun K. Dey 

Department of Chemistry, University of Allahabad 
(Communicated by Dr. S. Ghosh, D.Sc., F.N.A.Sc.) 

(Read on 26 th April, 1947) 

Abstract 

This paper is a continuation of the work of Dey anti Bhattacharya,*- 
on the study of the inhibition of the precipitation of stannic sulphide 
in presence of various organic acids and their salts. The extent of 
inhibition in the presence of sodium tartrate has been quantitatively 
studied. The inhibition has been ascribed, to be due to complex 
formation. 


Introduction 

In a recent publication* Dey and Bhattacharya have shown complex 
formation to be the cause of the non-precipitation of stannic sulphide 
in presence of oxalic acid and oxalates. In other publications®** they 
have reported, that the same inhibition is possible in presence of other 
dicarboxylic acids as well. It is well known (cf Rossing^) that the 
addition of oxalic and tartaric acids can be used to keep tin in solution, 
when antimony can be precipitated as sulphide by sulphuretted hydrogen. 

Stannic tartrate was known to exist/ since long, and complex 
formation between tin and tartaric acid was recorded by various earlier 
workers.*’- . Also, the study of complex tartrates has been the subject 
of many investigations and in recent years Damiois and coworkers/ 
Vaishya and Raman® and Biswas*® have dealt with this topic in consider- 
able detail. In a very recent publication,” Bobtclsky and Jordan have 



AkUN K. DEV 


described the results of their investigations the complex farfwtcs and 

citrates of various metals. 

During the preliminary experiments, I have oi«cr%-«l fliat lartaric 
acid itself is unable to act as an inhibitor in the prceipii-iiiori of stannic 
sulphide, whereas soluble tartrates show appreciable aciivsiy in this 
respect. In this paper, the results obtained on using so,d3un! tartrate 
as an inhibitor is described. 


Experimental 

A solution of Schuchardt’s stannic cltloritie was prepared in 
normal hydrochloric acid, and tin was estimated gravimeirically. Standard 
solutions of sodium tartrate of various concentrations were a ho prepared, 
A solution M/5 sodium sulphide was prepared by iodoinetrie standardi- 
sation. It was noted that M /5 was the minimum strength of sodium 
sulphide, which could precipitate stannic sulphide completely from 
the stannic chloride solution. Since the stantiic clilorkle solutimt was 
acidic, the mixture after the addition of an equal volume *>f sodium 
sulphide remained acidic. 

Several test tubes were taken, and in each were delivered lo c. c. 
of 0*09389 M of stannic chloride solution. Now m c, c. of the tartrate 
solutions of known concentration were acklcil, and then 10 c. c. at ilte 
sodium sulphide solution. The first was filtered immediately after the 
addition of sodium sulphide, the second after half an hour, the third 
after four hours, the fourth after eight hours and the fifth alter ninety-six 
hours. Different sets were taken, using different mm'mtmmm of tlic 
tartrate solution. A blank experiment, using water instead of the tartrate 
was also performed. The experiments were performed at a room 
temperature of 30 °C. 

The precipitated stannic sulphide was filteretl and estimated 
as oxide. The filtrates were boiled, and a further quantity of 1 c.c. 
sodium sulphide solution added, this was left overnight and the 
stannic sulphide now precipitated was filtered and estimated. The 
sum of the amounts of stannic oxide estimated in the pieeipii.tte and 
the filtrate corresponded to the total amount of tin av.ni.tble in the 
solution. 
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In the following table, the results obtained on the inhibition 
of the precipitation in presence of different quantities of tartrate are 
recorded. 


IV 

Sn : CiHsOfl" 


Percentage of Inhibition 

Time after which fiktation was done 
o hour 1 hour 4 hours 8 hours 96 hours 


0 

rS}% 

2-35% 

V^ol 

• * 


0*665 

11-78 

11*50 

1 1-28 

i0*42;i 

€/iM 

r 35 

15-24 

ir 34 

I2-o8 

1 1*29 

10*36 

2*66 

18-50 

15*32 

14-12 

1575 

12*03 

y^i 


26*21 

25-28 

23*62 

22*51 

10*64 

45*31 

33-59 

30-65 

28*01 

26* 2 i 

15-96 

56*01 

42*21 

38.73 

3,2*58 

29-36 

ZVlZ 

69*28 

4 B *75 

40-38 

36 »- 7 j 

53*01 


In all the cases the inhibition is more marked at first, but .sckui the 
precipitation commences. After a period of ninety-si.s: hours a consider- 
able portion of the tin is precipitated as stannic sulphide. Mere too, as 
in the case of oxalic acid and pt)tassium oxalate (ioc cit) the precipitate 
varies in nature, and shows a wide range of colour.s, ix-ginning from 
yellow to deep brown, depending on the concentration of the tartrate 
used. When the ratio tin : tartrate is i : io‘ 64 , the precipitate becomes 
highly gelatinous in nature, and resembles a freshly obtained precipitate of 
ferric hydroxide, in appearance. When the quantity of tartrate was 
increased further, the system assumed a colloidal character and a con- 
siderable portion passed through the filter paper. 

In another set of experiments, the stability of the complex was 
studied, by allowing stannic chloride and tartrate solutions to remain in 
contact for different lengths of time, and then stannic sulpliidc was pre- 
cipitated with sodium sulphide. The precipitate obtained was filtered 
immediately after the addition of sodium sulphide, stannic oxide was 
estimated in the precipitate and the filtrate as before. pBtm tliese experi- 
ments it was inferred, that the inhibition does not depend on the period 
for which the solutions of stannic chloride and sodium tartrate are 
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, allowed to Stand together. Thus the complex formed is quite .st.iblc and 
shows no tendencj of decomposition, even when allowcii to stand for 
ninety six hours. 

Summary 

1. The extent of inhibition of the precipinuion c4 stannic sulphkle 
from acidic solutions of stannic chloride have Ix'cn studied quantiiaiively. 

2. The inhibition has been ascribed to be due to complex 
formation between stannic tin and soluble tartrates, 

3. It has been found that an appreciable quantity of sodium tartrate 
has to be added to perceive appreciable inhibition of the prccipiiatkin. 

4. It has been observed that the formation o( a crdloid precedes 
complex formation, and the colloidal matter settles witli time. T'he 
quantity of tin remaining in solution after the coaguiatton of iltecolbkl 
gives an idea of the amount of complex formed. 
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STUDIES IN THE DYES DERIVED FROM QUINOLINIC 

ACID AND CINCHOMERONIC ACID AS ADSORPI ION 
INDICATORS IN ARGENIOMETRIC TTI R ATIONS : 

PART n* 

By R. C. Mehrotra 

Chemical laboratories, the Universitt op Allahabad, Allahabad. 

In a recent communication*, the use of resorcinol quinolcin and 
cinchomeronein as adsorption indicators in the titrations of halide solu- 
tions singly has been described. In the present c< mniunicaticin the 
behaviour of these dyes in mixed halide solutions and also, a comparision 
between the- behaviour of these dyes and that of resorcinol phthalein 
has been studied. Further, the tetrabromo derivatives of these dyes 
have been prepared and their applicability as adsorption indicators has 
been investigated. 

Titrations oj mixed halide solutions . — Belladcn and Piazza* have ob- 
served that although Brilliant Archill C. and Chromotropr; E4B are suit- 
able indicators for all the chloride, bromide and iodide ions separately, yet 
when a mixture of iodide and chloride fons is titrated against silver loos, 

the end point (pink ^grty green) occurs, when silver nitrate ec|uivalcnt 

to only the iodide ions present has been added. The tlyes under investi- 
gation (rcsorcionoi quinolcin and cinchomeronein) are also quite suitable 
for all. the three halide ions ; but they mark the end point when the total 
of all the halide ions present in the solution has been precipitated. The 
addition of ammonium catboimtc does not allow the iodide ions to be 
titrated alone in the presence of chloride ions. 

Comparison of the Applkahilitj of time two dyes with fluoreseein. — 1‘he 
resorcinol quinolcin and cinchomeronein dyes can be employed in 
ammoniacal as well as acidic solutions. Unlike fluorescein these dyes can 

before the meeting of National Academy of Science*, held in September 
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be eaployed in the pH range 2 to 12. It has been found that in the case 
of ammoniacal solutions, the cinchomcroncin indicates t! c end point 

only upto a concentration of N/50 to N/20 ammonia in the s«.lution to 

be titrated ; whereas in the case of cjuinolein, the end points are quite 

sharp in solutions in which the concentration of ammonia is as high as 

N/3 to N/2. Thus the cinchomcroncin shows a hehavh ur tnidway 
between the pathalein and the quinolcin and so it can be inferred tliat the 
substitution of the ‘CH’ group of bcnczenc by the basic *bi’ in pyridine 
is the controlling factor in the variation of these properties atu! the near- 
ness of the ‘N’ atom to the carboxylic groups in the quinolcin confers 
greater contrast to its properties than it docs in the case of the cinclio- 
meronein : 



COOht 

^ \cOOH 

f tn'i/r 

s,^^^^C00H 

N 

U 

N 

. Jftmtt 

\/ 


The tertiary ‘N’ atom, as is well known, has got a fxowcrful 
tendency to donate its lone pair of electrons, and this tendency will result 
in the formation of a chelate ringed compound, similar to that shown by 
Cox and coworkers® in the simpler case of argentic pieoHnate. 'I be 
chelation always lowers the solubility of a comp* und anti titus the appli- 
cability of these dyes in acidic as well as ammoniacal meilia ran be ex- 
plained on the view point of the formation of highly inst*luble chelate 
compounds with silver. 

Tetrabromo Resorcinol Quinolein and (TNOHOMimtiNiiiN 
AS Adsorption Indicators. 

Preparatm of the djes.-^lhc bromination of tiie tjuinolein and 
cinchomeronein was carried out in the alcoholic solutitni, and the tetra- 
bromo derivatives were prepared and purified. 0-2% solutions of tlte dyes 
were prepared in alcohol and these solutions used as indicators tltrough- 
out these investigations. 

Titration of Iodide Ions against Silver hnsi When a neutral solution 
of potassium iodide is titrated against silver nitrate, the coagulation of 
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the precipitate begins much before the end point and the precipitate 
appears as a deep pink mass at the equivalent point. In the case of 
cinchomeronein, the colour of the coagulated particles remains yellow 
so long as iodide ions are present in excess and changes to pink with 
half a drop of the silver nitrate solution in excess, and simultaneously 
the pink colour of the suspension is discharged. In the case of the 
tetrabromoquinolein, the particles have a pinkish shade much before the 
equivalent point, and the end point is indicated merely by the disappear- 
ance of the pink colour of the suspension at the equivalent point. How- 
ever, in acidic or ammoniacal media, the colour change at the end point 
becomes much sharper with both the indicators. In the acidic solutions, 
the coagulation occurs just at the equivalent point. So long as the 
iodide ions are. present in excess, the suspension remains yellow and 
changes sharply to pink at the end point. In the presence of ammonia, 
the coagulation of the silver iodide begins early. However, the colour 
on the particles remains yellow with both the indicators and changes 
to pink with half a drop of the silver nitrate solution at the end point. 
Along with the colour change on the particles, the pink colour of the 
supernatant suspension is also discharged simultaneously at the end 
point. 

Titration of Bromide Ions against Silver Ions : When the bromide 
solutions are titrated against silver ions using tetrabromo-quinolein or 
cinchomeronein as indicators, no sharp colour, change at the end point 
could be obtained in the neutral solutions. The end points did not 
improve also by the addition of ammonia. However, in the presence 
of acetic acid the end points are very sharp and the titrations can be 
carried out accurately. In the case of the cinchomeronein, the suspension 
remains yellow and becomes pink just at the equivalent point ; whereas 
in the case of the quionolein, the suspension assumes a slight pinkish 
shade before the end point and the equivalent point is indicated by 
change of the colour of the suspension from light pink to deep pink. 
The end points are made much more sensitive, because the coagulation 
of the precipitate occurs immediately at the end point. 

Titration of Thiocyanate Ions : In the case of the thiocyanate ions 
also, no sharp end points could be obtained in the neutral as well as in 
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atntnoniacal media. In the presence of acetic tciti, the enc! p*>ints are 
quite sharp. The coagulation occurs niucli earlier atu! tlie particles 
assume a slight pinkish shade front the beginning, but tiuic i*' a sharp 
colour change from light pink to deep pink on cr»agulaicd particles at 
the end point. 

Ti^rafm of Chloride Ions : In the case the chloride ions no sharp 
colour change could be obtained either in the neutral or in amtnoniacal 
or acidic media. Even in the acidic solutions, the cwgulation ol the 
precipitate and the adsorption oi the dye occurs much beh»re the equiva- 
lent point which indicates that the dye anions arc so strongly adsorlred 
by the precipitated silver chloride {articles that they displace even the 
adsorbed chloride ions. 

Tiiration of Iodide Ions in Presence of other HaMe I tins t If is in this 
field that the indicators have been found to be of practical value. When 
a mixture of iodide and chloride ions is titrated against silver ions in 
neutral or acidic media, the end point, indicated by the complete trans- 
ference of the pink colour of the suspension to the particles of the 
coagulated precipitate, occurs after the whole of the iodide ions and 
the chloride ions has been precipitated. However, in the presence of 
ammonia, the iodide ions alone can be titrated in the presence of chlt»ridle 
ions. When a mixture of the iodide and chloride kilts is titrated against 
silver ions in ammoniacal medium, the coagulation of the siher iodide 
particles begins soon, but the particles remain yellow. When all the 
iodide ions have been removed as silver iodide, half a dn»p t»f the silver 
nitrate solution changes the yellow colour on the particles lt» pink with a 
simultaneous disappearance of the pink colour e»f the suspensif n. The 
estimation of the iodide ions is accurate.iwlien the ratio of the chloride; 
iodide ions present has a value upto i : z. In the presence of a g'rcater 
proportion of the chloride ions, an cxcets of the silver nitrate solution is 
required. 

Attempts have been made to estimate the Iodide k>m in the 
presence of the bromide ions and also of ths bromide ions in the 
presence of the chloride ions; but the results were unisafisfaciory. 
Similarly the iodide ions could not be liberated in the pnsenu* of the 
thiocyanate ions. 
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Volume & 
cone, of 
halide 
solutions 

Dt^s 

indi- 

cator 

Volume Sc 
cone, of 
AgNO;, 
solution 

Transition 

of 

colour 

Remarks. 

lO c. c. of 
N/io KL 

z 

9*97 c. c. to 
o‘98 c. c. 
of N/io 
AgNOs. 

Pink 

suspension 

- 4 .ftnk 

precipitate. 

Coagulation of the ppt. occur® 
much before the end point. 
In case «»f quin., the particles 
assume pinkish shade Ijcforc 
the end p*»int. 

lO c. c. of 
N/io KI +4 
to 10 c. c. 
ofNHAc. 

t 

lo to io*oa 
c.c. of N/io 
AgNO,. 

Yellow 

suspension 

Pink ppt* 

The end point Is much .sharper 
than in the neutral suln. The 
coagulation occurs just »t the 
end point. 

lO c. c. of 
N/io KI+6 
to 8 c. c. 
ofNNH^OH. 

1 

tO'O c.c. of 
N/io 
AgNOg. 

Yciit»w ppt. 

Pink ppt. 

The end ^ point in very sharp. 
Oiagubtion occurs much earlier, 
but the end point though occur- 
ring on the coagulated part ick« 
is ejuite reversible. 

lO c, c. of 
N/io KI+J 
c. c. ofN/io 
KCl 

a 

14.94 to 
14*98 c. c. 
of HI to 
AgNOg. 

Pinkish 

suspension 

Pink ppt. 

The colour change at the end 
point is not very sharp. The cod 
|v 4 nt is indkaicd by the iran- 
sfetefltc of the pink colour 
suspension to ppt. 

to c, c. of 

N/iO KI +5 
to j c, c. 
N/io Ka+ 

4 e* c* of* 
NNH*OH 

a 

10*0 to 
10*04 c. 
of 

AgNOg. 

Yellow ppt. 
-^.Pink ppt. 

The end iwint, though occurring 
on the coagulated partklc*, [$ 
very sharp. With larger propor- 
tion* of cnioride ions, an apmre- 
ciable ovcr-comumption of sliver 
ions is re(|alred. 

10 c. c. of 
N/ioKCNS 
+ 0 to 8 c. c. 
ofNHAc. 

a 

10*0 c. c. 
ofN/io 
AgNOg. 

Light 
pink ppt. 
-♦Deep 
pink ppt. 

The end point is very shatp and 
quite reversible. 


Summary 

1. A compatision of the applicability of resorcinol quinoiein, cin- 
chometonein, and phthaiein as adsorption indicators has been made and 
the differences have been explained. 
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2. The behaviour of the indicators in the mixed halide solutions 
has been investigated. 

3. Two new indicators tetrabromo-quinolein and tetrabromo-cincho- 
meronein have been described. 

4. The new indicators are suitable for the titration of iodide, bromide 
and thiocyanate ions in acidic solutions. 

3. The iodide ions can be estimated very accurately in ammonical 
solutions also. 

6. Mixtures of iodide and chloride ions can be analysed completely 
by the help of these indicators. The whole of the iodide and chloride 
ions can be determined by titration in neutral or acidic medium, and the 
iodide ions can be estimated alone by titration in presence of ammonia. 

In conclusion, I beg to offer my grateful thanks to Prof. N. R. Dhar 
for his kind interest and encouragement during the course of this investi- 
gation. 
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